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Traditional cross-flow membrane filtration needs high recirculation flux (more than 
90% of feed volume) and strict pretreatment process, which may block membrane 
technology development. In this paper, a set of standing double-shaft rotary membrane 
module was firstly developed in China. Shear force created by membrane rotation could 
effectively decrease concentration polarization and reduce foulant deposition on the 
membrane surface in this module. This design could also decouple the pressure and 
recirculation, which remarkably decreased the recirculation flux as well as system energy 
demand. Because two shafts rotated in same direction, disturbance in membrane 
overlapped region increased additionally, and membrane self-cleaning capability would 
be enhanced. 
Submerged and side-stream aerobic membrane bioreactors (MBRs) have more and 
more practical application. However, energy consume is high in aerobic MBR. Anaerobic 
MBR (AnMBR) is a novel technique for wastewater treatment developed for about forty 
years. Almost all AnMBRs are laboratory and pilot scale with side-stream design. A set of 
submerged anaerobic rotary MBR that had not been reported in the world was developed 
in this paper, which should possess practical application foreground.   
As a typical kind of high strength organic wastewater, landfill leachate treatment is 
difficult indeed. Now, it is short of effective landfill leachate treatment process and 
engineering demonstration in China. A pilot scale of landfill leachate treatment 
combination process including Upflow anaerobic sludge blanket (UASB) reactor, 
micro-electrolysis, and MBR was introduced in this paper. Startup research of the UASB 
reactor was emphasized.  
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⎟                                                       （3） 
这里， gelC 是溶质凝胶层浓度。溶质凝胶层浓度被认为是颗粒溶液的固定的物化性
质，与系统的操作条件无关。凝胶层形成之前，流量是主体溶液中溶质浓度的弱函











=                                                                （4） 
其中， 是溶质扩散系数，而D δ 是溶质浓度边界层的厚度。在压力无关区域，提高


































































=                                                               （7） 
其中，J是渗透流量（渗透流速/膜面积）， P∆ 是平均过膜压力，R是渗透流总阻力。
在超滤过程中，R是由三个单元阻力构成： 















其中， mR 是膜固有阻力， fR 是污染阻力， pR 是浓差极化层阻力。 mR 由纯水作为
料液决定。典型地， fR 由膜表面溶质吸附和膜孔堵塞引起。因为污染改变了膜的物
理结构， fR 和 mR 一并形成总膜阻力 mR′： 
m m fR R R′ = +                                                           （9） 
浓差极化层阻力与 相关，表示为： P∆










                                                       （11） 
与 Hagen-Poiseuille 和薄膜模型（经常用来描述压力依赖或压力无关的渗透流
量）不同，压力相关和压力无关这两个区域都可以用 RIS模型来描述。在压力相关
区，浓差极化层并不太厚；因此， p mR R′， 与J P∆ 线性相关。在压力无关区，浓























































































rP ρ ω=                                                          （13） 



















IP ρ ω=                                                       （14） 
其中， I 是旋转圆环的回转半径： 
2 2
2
i or rI +=                                                          （15） 

















用泥水混合液取自 UASB反应器高度的 40%处，并加自来水稀释一倍，贮存在 250L
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